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1 Introduction

In RAN1#70, it was agreed that PRB pair is divided into 16 EREGs in both normal and special subframes and for normal and extended CP regardless of the presence of other signals and that EREG indices are sequentially mapped to REs within each PRB pair, excluding the ones for DMRS, in a frequency first and then time manner. It was also agreed that depending on the setup of the communication system, an ECCE is formed either by 4 EREGs or 8 EREGs. Finally, it was agreed that an EPDCCH can be transmitted in one of multiple groups of PRB pairs (EPDCCH set) where a group can consist of a different number of PRB pairs than another group; a working assumption is that for distributed EPDCCHs, a group of PRB pairs can consist of 2, 4, 8, 16 (FFS), or more PRB pairs (FFS). 
The above agreements set the necessary framework for determining the ECCE structure for localized and distributed EPDCCHs which is further considered in this contribution. 

2 ECCE Structure
The simplest way for constructing an ECCE is to consider consecutive EREGs in a PRB pair for a localized EPDCCH and the same EREG in different PRB pairs in an EPDCCH set for a distributed EPDCCH. However, as it was broadly identified, such an ECCE structure may result to ECCEs with different sizes (as REs available for transmitting an EPDCCH may vary per ECCE). Such a variation in size among ECCEs would complicate an eNB link adaptation for an EPDCCH transmission (especially with a small number of ECCEs) as different coding rates need to be effectively considered (a large difference in EPDCCH BLERs was observed by some companies due to different locations of REs for respective ECCEs relative to DMRS REs; however, only a minimal difference was observed in our evaluations). 

Several approaches were suggested for addressing this variation of REs that can be used for an EPDCCH transmission in a respective ECCE. In [1], it was recognized that the objective is to have, as much as possible, the same ECCE sizes (instead of the same EREG sizes) and a closed form expression that achieved for this objective optimal allocation of useful REs to ECCEs was provided. A similar approach was suggested in [2]. For reference, the EREG allocation to different ECCEs for a localized EPDCCH transmission in a PRB pair and for a distributed EPDCCH transmission in 4 PRB pairs are provided below. Another desirable benefit of the approach in [1] is that, due to the per-RE precoder cycling for distributed EPDCCH, it offers commonality for the demodulation design of the two EPDCCH types.
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Figure 1: EREG to ECCE Mapping for Localized EPDCCH and for Distributed EPDCCH over 4 PRB pairs[1].
Proposal 1: For 4 EREGs per ECCE and a localized EPDCCH, the EREG indexes of ECCE k in a PRB pair are determined as k+4i where i=0,1,2,3 and k=0,1,2,3 [1].
Proposal 2: For 4 EREGs per ECCE and a distributed EPDCCH, the EREG indexes of ECCE k in four PRB pairs are determined as (k+4i)mod16 where i=0,1,2,3 is the PRB pair index and k=0, …, 15 [1].
For a distributed EPDCCH over a multiple of 4 PRB pairs (e.g. 8 or 16 PRB pairs), the above ECCE structure can be replicated (e.g. 2 or 4 times) possibly with a shift of one ECCE index at each replication to provide improve equivalency for the ECCE sizes (same number of available REs). 

For a distributed EPDCCH over 2 PRB pairs, as required for small system BWs such as 1.4 MHz or 3 MHz, the above ECCE structure can also be effectively maintained for a total number of ECCEs is 8 (assuming 4 EREGs per ECCE) by treating the second half of EREGs in Figure 1 as belonging to different PRB pairs. Therefore, relative to Figure 1, PRB pair 0 and PRB pair 1 contain the first 8 columns of PRB pair 0 and PRB pair 1 while PRB pair 2 and PRB pair 3 contain the second 8 columns of PRB pair 0 and PRB pair 1, respectively.
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Figure 2: EREG to ECCE Mapping for Distributed EPDCCH over 2 PRB pairs.
Proposal 3: For 4 EREGs per ECCE and a distributed EPDCCH, a pair of EREG indexes for ECCE k in two PRB pairs is determined as {(k+4i)mod16, (k+4i+8)mod16} where i=0,1 is the PRB pair index and k=0, …, 7.
Proposal 4: For a distributed EPDCCH and an EPDCCH set consisting of a multiple of four PRB pairs, the ECCEs are sequentially indexed across EPDCCH sets of 4 PRB pairs. 
The discussion so far considered the case of 4 EREGs per ECCE. Nevertheless, for the case of 8 EREGs per ECCE, the same ECCE structure can be used where 2 ECCEs for the case of 4 EREGs per ECCE are jointly considered as a single ECCE and redesigning structure is not needed. Therefore, for 8 EREGs per ECCE, the EREGs for ECCE l are the EREGs of ECCE 2k, 2k+1 in case of 4 EREGs per ECCE.
Proposal 5: For 2 EREGs per ECCE, the EREG indexes of ECCE k in a PRB pair are the EREG indexes for ECCEs 2k and 2k+1 in case of 4 EREGs per ECCE. 
Finally, support of 6 PRB pairs may also be considered for distributed EPDCCHs as it may be suitable for medium BWs such as 5 MHz or 10 MHz. For example, at 5 MHz, using 4 PRB pairs represents 16% overhead while if the next possible step is for 8 PRB pairs (whether in a single set or in multiple sets), the overhead becomes 32%. This is often likely to be excessive when compared to a maximum overhead of 21% for the PDCCH even considering the worse BLER of distributed EPDCCH relative to PDCCH. Support of a set of 6 PRB pairs for distributed EPDCCHs will contain the overhead to a more reasonable 24% while the respective ECCEs can be constructed similar to ones for 4 PRB pairs or 8 PRB pairs. It is noted that with a bit-map signaling the PRB pairs for an EPDCCH set, it is up to a network to configure the number of PRB pairs to be used for a distributed EPDCCH transmission.

Observation:  An EPDCCH set of 6 PRB pairs is beneficial at 5 MHz and 10 MHz and can be supported in an implementation-specific manner using a similar ECCE structure as for an EPDCCH set of 4 PRB pairs or 8 PRB pairs. 

3 Conclusions

This contribution considered the ECCE structure for localized and distributed EPDCCHs and proposes the following: 

Proposal 1: For 4 EREGs per ECCE and a localized EPDCCH, the EREG indexes of ECCE k in a PRB pair are determined as k+4i where i=0,1,2,3 and k=0,1,2,3.
Proposal 2: For 4 EREGs per ECCE and a distributed EPDCCH, the EREG indexes of ECCE k in four PRB pairs are determined as (k+4i)mod16 where i=0,1,2,3 is the PRB pair index and k=0, …, 15.
Proposal 3: For 4 EREGs per ECCE and a distributed EPDCCH, a pair of EREG indexes for ECCE k in two PRB pairs is determined as {(k+4i)mod16, (k+4i+8)mod16} where i=0,1 is the PRB pair index and k=0, …, 7.
Proposal 4: For a distributed EPDCCH and an EPDCCH set consisting of a multiple of four PRB pairs, the ECCEs are sequentially indexed across EPDCCH sets of 4 PRB pairs. 
Proposal 5: For 2 EREGs per ECCE, the EREG indexes of ECCE k in a PRB pair are the EREG indexes for ECCEs 2k and 2k+1 in case of 4 EREGs per ECCE. 
References:

[1] R1-123584, “eREG Resource Mapping”, Renesas
[2] R1-123549, “Views on eREG-to-eCCE Mapping for ePDCCH”, NTT DOCOMO
eREG





PRB pair#3





PRB pair#2





PRB pair#1





PRB pair#0





index














eCCE





(b)  Distributed





11





10





9




















8








7





6





5





4

















3








2





1





0





15





14





13





12





7





6





5





4





3





2





1





0





15





14





13





12





11





10





9





8








indices





eREG indices





EREGs for ECCE k: k+4i EREG i=0,…,3 is from same PRB pair, k=0,1,2,3





eCCE index





(a)  Localized





3





2





1





0





15





14





13





12





11





10





9





8





7





6





5





4





15





14





13





12





11





10





9





8





7





6





5





4





3





2





1





0





15





14





13





12





11





10





9





8





7





6





5





4





3





2





1





0





15





14





13





12





11





10





9





8





7





6





5





4





3





2



































1





0

















3





2



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EREGs for ECCE k: (k+4i) mod 16 EREG i=0,…,3 is from different PRB pair, k=0,1,…,7











indices





eREG





PRB pair#3





PRB pair#2








PRB pair#1








PRB pair#0





index





eCCE
































3





2





1





0





15





14





13





12





























15





14





13





12





11





10





9





8






































11





10





9





8





7





6





5





4





























7





6





5





4





3





2





1





0


























7





6





5





4





3





2





1





0




















































































































































































































































































































EREGs for ECCE k: (k+4i) mod 16 EREG i=0,…,3 is from different PRB pair, k=0,1,…,15





1





0








PAGE  
3

